Initial Conditions
in Networks

4.1 Introduction

There are many reasons for studying initial and final conditions. The most important reason is that
the initial and final conditions evaluate the arbitrary constants that appear in the general solution
of a differential equation.

In this chapter, we concentrate on finding the change in selected variables in a circuit when
a switch is thrown open from closed position or vice versa. The time of throwing the switch is
considered to be ¢ = 0, and we want to determine the value of the variable at ¢ = 0~ and at
t = 0™, immediately before and after throwing the switch. Thus a switched circuit is an electrical
circuit with one or more switches that open or close at time ¢ = 0. We are very much interested
in the change in currents and voltages of energy storing elements after the switch is thrown since
these variables along with the sources will dictate the circuit behaviour for ¢ > 0.

Initial conditions in a network depend on the past history of the circuit (before ¢ = 07) and
structure of the network at t = 07, (after switching). Past history will show up in the form of
capacitor voltages and inductor currents. The computation of all voltages and currents and their
derivatives at t = 07 is the main aim of this chapter.

4.2 Initial and final conditions in elements

=0
4.2.1 The inductor Qg
(e,
The switch is closed at t = 0. Hence t = 0~ corresponds i(t)
to the instant when the switch is just open and ¢ = 07 "
corresponds to the instant when the switch is just closed. <> v L
The expression for current through the
inductor is given by
t
. 1 Figure 4.1 Circuit for explaining
t= f / vdr switching action of an inductor
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= ZZi/’UdT-Fi/’UdT
o o-
t
= i(t)=14(07) + % /UdT
o—
Putting ¢ = 0™ on both sides, we get
o+
i(0%) =14(07) —i—i/vdT
o
= i(0%) =i(07)

The above equation means that the current in an inductor cannot change instantaneously.
Consequently, if i(07) = 0, we get i(0") = 0. This means that at t = 0T, inductor will act
as an open circuit, irrespective of the voltage across the terminals. If i(0~) = I,,, theni(0") = I,,.
In this case at t = 0, the inductor can be thought of as a current source of I, A. The equivalent

circuits of an inductor at ¢ = 0" is shown in Fig. 4.2.

Element Equivalent circuit at 7= 0*
(and initial condition)
L
oO——Yy 9 ——o0 ¢} oc O
I f
—
o S EE— o o (D o
L U

Figure 4.2 The initial-condition equivalent circuits of an inductor

The final-condition equivalent circuit of an inductor is derived from the basic relationship

Y e
T

di
Under steady condition, @ _ 0. This means, v = 0 and hence L acts as short at ¢ = oo (final

or steady state). The final-condition equivalent circuits of an inductor is shown in Fig.4.3.

.E.le_ment - Equivalent
(and initial condition) circuit at 7 = o
L SC
o—WT—o  © °
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1
—
o— Yo ——o0 o— I, —O
L
O

Figure 4.3 The final-condition equivalent circuit of an inductor
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4.2.2 The capacitor =9
The switch is closed at t = 0. Hence, t = 0~ "‘?g ©
corresponds to the instant when the switch is T
just open and ¢ = 0T corresponds to the instant ; <¢> v ¢
when the switch is just closed. The expression
for voltage across the capacitor is given by l
t
v — l / idr Figure 4.4 Circuit for explaining
C switching action of a Capacitor
—00

0

N @(t):é/

t
1
0-
t

1

Evaluating the expression att = 07, we get
o+
S fiar = o0h =)
— [ udt v =v
C
o

v(0T) =v(07) +

Thus the voltage across a capacitor cannot change instantaneously.
If v(07) = 0, then v(0") = 0. This means that at ¢ = 0", capacitor C acts as short circuit.

Conversely, if v(07) = %0 then v(0T) = q—co. These conclusions are summarized in Fig. 4.5.

Element . oo
(and initial condition) Equivalent circuit at ¢ = 0*

I sC
+

Kl vy
c

O

-
0 |

<

Y, =

Figure 4.5 Initial-condition equivalent circuits of a capacitor

The final-condition equivalent network is derived from the basic relationship

dv
_o®
TV

. dv . ) .
Under steady state condition, i = 0. This is, at t = oo, ¢ = 0. This means that t = oo

or in steady state, capacitor C' acts as an open circuit. The final condition equivalent circuits of a
capacitor is shown in Fig. 4.6.
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Element

(and initial condition) Equivalent circuit at /= e

. 0C
o || o o o o o
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' U
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Figure 4.6 Final-condition equivalent circuifs of a capacitor

4.2.3 The resistor

The cause—effect relation for an ideal resistor is given by v = Ri. From this equation, we find that
the current through a resistor will change instantaneously if the voltage changes instantaneously.
Similarly, voltage will change instantaneously if current changes instantaneously.

4.3 Procedure for evaluating initial conditions

There is no unique procedure that must be followed in solving for initial conditions. We usually
solve for initial values of currents and voltages and then solve for the derivatives. For finding
initial values of currents and voltages, an equivalent network of the original network at ¢t = 0% is
constructed according to the following rules:

(1) Replace all inductors with open circuit or with current sources having the value of current
flowing att = 0.
(2) Replace all capacitors with short circuits or with a voltage source of value v, = q—co if there
is an initial charge.
(3) Resistors are left in the network without any changes.
EXAMPLE Nl

Refer the circuit shown in Fig. 4.7(a). Find i1(0") and i1, (0"). The circuit is in steady state
fort < 0.

L P
i=2A <1> =0 S 19
|

Figure 4.7(a)
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SOLUTION

The symbol for the switch implies o0—O

that it is open at ¢ = 0~ and then i;(0") ‘ ‘iL(Oi)
closed at t = 0%. The circuit is J

in §teady state with the sw1tch. open. s Q) 0 o
This means that at ¢ = 07, induc- o

tor L is short. Fig.4.7(b) shows the

original circuitatt = 0.

Using the current division principle, ,
Figure 4.7(b)

2% 1
2t A
1+1

Since the current in an inductor cannot change instantaneously, we have

ir,(07)

ir(07) =iL(07) = 1A

Att = 07,41(07) = 2 —1 = 1A. Please note that the current in a resistor can change
instantaneously. Since at t = 0, the switch is just closed, the voltage across Ry will be equal to
zero because of the switch being short circuited and hence,

i1(0%) = 0A

Thus, the current in the resistor changes abruptly form 1A to OA.

EXAMPLE W4
Refer the circuit shown in Fig. 4.8. Find v¢(07). Assume that the switch was in closed state for
a long time.
1Q ><
t=0
+
o ()
Figure 4.8
SOLUTION

The symbol for the switch implies that it is closed at ¢ = 0~ and then opens at ¢ = 0T. Since the
circuit is in steady state with the switch closed, the capacitor is represented as an open circuit at
t = 0. The equivalent circuit at £ = 0~ is as shown in Fig. 4.9.
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—_ crA— Rl

ve(07) =4(07) Ry AAAA 0—0

Using the principle of voltage divider, l
aF A—
- ) R, V(00
V. 5% 1 V=5V C) Q 2 Vel
ve(07)= -5 Ry, =2""_9o5y -

R+ Ro 1+1 T
Since the voltage across a capacitor cannot
change instaneously, we have Figure 4.9

ve(07) = ve(07) = 2.5V
That is, when the switch is opened at ¢ = 0, and if the source is removed from the circuit, still
ve(0T) remains at 2.5 V.

EXAMPLE K
Refer the circuit shown in Fig 4.10. Find i1,(0") and vo(0T). The circuit is in steady state with

the switch in closed condition.

t=0
2Q 3Q
—VVVV ‘o><c NNV

+

1 .
\© T g

Figure 4.10

SOLUTION 2Q 3Q

The symbol for the switch implies, it is closed i(07) l
att = 0~ and then opens at t = 0. In order +0

to find v (07) and i7,(0~) we replace the ca- SV UC(O:)O I
pacitor by an open circuit and the inductor by
a short circuit, as shown in Fig.4.11, because
in the steady state L acts as a short circuit and
C as an open circuit.

Figure 4.11

5
iL(07)=——==1A
w0 =573
Using the voltage divider principle, we note that
5% 3
07) = =3V
vel0) =575

Then we note that:



EXAMPLE pppil
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In the given network, K is closed at ¢t = 0 with
zero current in the inductor. Find the values

di d%i
of i, 2, % att = 0F if R = 8Q and I = 0.2H.
dt’ dt? -
Refer the Fig. 4.12(a). 12V C) L=02H
SOLUTION
The symbol for the switch implies that it is open Figure 4.12(a)
att = 0~ and then closes at t = 0. Since the K R=8Q
current ¢ through the inductor at ¢ = 0 is zero, it 0—0
implies that i(07) = i(07) = 0.
+
&i(0T) 20" 2 <—> 0 Lo
To find L and 212 :
Applying KVL clockwise to the circuit shown in .
Fig. 4.12(b), we get Figure 4.12(0)
di
Ri+L— =12
(T
di
= 8i + O.Zd—z —12 @.1)
Att = 07, the equation (4.1) becomes
di(0T)
8i(0%) +0.2 =12
i(07) + 7
di(0)
= 8 x0+40.2 =12
SR T
di(0T) 12
= ==
dt 0.2
=60 A /sec
Differentiating equation (4.1) with respect to ¢, we get
di d?i
8—+4+02—5 =0
@ ae
Att = 0%, the above equation becomes
di(0T) d%i(0F)
0.2 =0
s i dt?
d%i(0)
= 8 x 60+ 0.2 =0
X< OUF dt?
d2' O+
Hence i(07) = —2400 A /sec?

dt?
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EXAMPLE xS

In the network shown in Fig. 4.13, the switch is closed at ¢ = 0. Determine ¢,

d?i

di
att =0%.
Tdt’ di? 0

K

_0t>§0 R=10Q L=1H
v -

Figure 4.13

C=1uF

SOLUTION

The symbol for the switch implies that it is open at ¢ = 0~ and then closes at ¢ = 0. Since there
is no current through the inductor at ¢ = 07, it implies that i(0") = ¢(0~) = 0.

K R=10Q L=1H
—O0—O0—ANV\— T —
+
ovi i1) —— C=1uF
Figure 4.14

Writing KVL clockwise for the circuit shown in Fig. 4.14, we get
t

Ri+ L + / 4.2)
0
. di
= Ri + L% +ve(t) =10 (4.2a)

Putting t = 0T in equation (4.2a), we get

Ri (07) + Ldi(ﬂ +ve (01) =10

dt
di (07)
di (07) 10
= T—Z—IOA/SCC

Differentiating equation (4.2) with respect to ¢, we get

di d%ii(t)
Rt los+-5

d =0
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Att = 07, the above equation becomes

di (0F d% (0t) 4 (0t
LA07) ) 00
dt dt? C
= R 10+Ld2i(0+)+0—0
x dt? c
= 100 + & (O+) =0
dez2
d%i (0"
Henceat t =07, L = —100 A/sec?
dt?
EXAMPLE |i¥s]
Refer the circuit shown in Fig. 4.15. The switch ‘
K is changed from position 1 to position 2 at 1 l R=10%Q
t = 0. Steady-state condition having been

d
reached at position 1. Find the values of ¢, d—z, 20V (f)
2

d“1
— 0t
and@att—o.

SOLUTION Figure 4.15

The symbol for switch K implies that it is in position 1 at ¢ = 0~ and in position 2 at ¢t = 0.
Under steady-state condition, inductor acts as a short circuit. Hence at £ = 0™, the circuit diagram
is as shown in Fig. 4.16.

z’(O*):%—zA

Since the current through an inductor cannot change
instantaneously, i (07) =i (0~) = 2A. Since there is +
no initial charge on the capacitor, vz (0~) = 0. Since 20V <_>
the voltage across a capacitor cannot change instanta-
neously, ve (0%) = ve (07) = 0. Hence at ¢t = 0F
the circuit diagram is as shown in Fig. 4.17(a).

Fort > 07, the circuit diagram is as shown in Fig. 4.17(b). Figure 4.16

R=10Q R=10Q

@ )

Figure 4.17(a) Figure 4.17(b)

K
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Applying KVL clockwise to the circuit shown in Fig. 4.17(b), we get

t
di(t 1
Ri(t) + L Zd(t) +3 / i(r)dr = 0 “3)
o+
di(t
= Ri(t) + le(t) +oe(t) =0 (4.3a)
Att = 0T equation (4.3a) becomes
di (0T
Ri (0%) + L th ) 40 (07) =0
di (07)
= Rx2+1L I +0=0
= 20 + il (0+) =0
a
di (0%)
= = —20 A/sec
dt
Differentiating equation (4.3) with respect to ¢, we get
di — d* i
R—+L—+—==
dt + dt? + C 0

Att =07, we get
0+ 2: (0+ 0+
Rdz(O)+Ldz(0) 1(0):0

dt a "¢
d* (0%) 2
= Rx(-20)+L—5—+==0
x (—20) + 712 + 5
d2' ot
Hence, ld(t2) ~ —2 x 10% A /sec?
EXAMPLE Wy
In the network shown in Fig. 4.18, the switch is moved from position 1 to position 2 at ¢ = 0. The
di d%i
steady-state has been reached before switching. Calculate ¢, d—z and E; att =07,
1 2) 20Q
" 20 =0
40V C_
H —— luF

Figure 4.18



SOLUTION

The symbol for switch K implies that it is in posi-
tion 1 att+ = 0~ and in position 2 at t = 0". Under
steady-state condition, a capacitor acts as an open cir-
cuit. Hence at ¢ = 0, the circuit diagram is as shown
in Fig. 4.18(a).

We know that the voltage across a capacitor
cannot change instantaneously. This means that
ve (0F) =ve (07) =40 V.
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%o

20Q

v,(07)=40V

]

Figure 4.18(a)

Att = 0~, inductor is not energized. This means that i (0~) = 0. Since current in an inductor
cannot change instantaneously, ¢ (0+) =i (0~) = 0. Hence, the circuit diagram at t = 07 is as

shown in Fig. 4.18(b).

The circuit diagram for ¢ > 0% is as shown in Fig.4.18(c).

20Q
K AYAVAYAY,

Figure 4.18(b)

Applying KVL clockwise, we get

R=20V

— C=1uF

Figure 4.18(c)

t
di 1
Ri+LCZ]Zf+C/i<T)dT_O
o0+
. di
= RZ+L7+’UC(t):O
dt
Att =07, we get
di(0F
di(0"
= 20><0+1l(dt)+40=0
0+
= dz(d(i ) _ —40A / sec

Diferentiating equation (4.4) with respect to ¢, we get

di d?i i

R— 4L+ —==0

dt dt2 = C

4.4)
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Putting ¢ = 0 in the above equation, we get

di(0T) d%i(0t) 4(0h)
R L =
a " tTar o 0
d%i(0F) 0
= R x (—40)+ L — =0
x (—40) + w2 te
d2' ot
Hence 21(152 ) = 800A / sec?
EXAMPLE XS
In the network shown in Fig. 4.19, vy (¢) = e~* for t > 0 and is zero for all ¢ < 0. If the capacitor
d? d?
is initially uncharged, determine the value of dT? and dT? att =07,
10Q
—VVVV o,
Rl
D L c
v 0 F = R, S20Q v,
o
Figure 4.19
SOLUTION
Since the capacitor is initially uncharged, Ry v,(7)
v2(0T) =0 NVVV } o,
Referring to Fig. 4.19(a) and applying KCL
at node vy (t): o) C) T° § 2 .
’U2(t) - Ul(t) + Cdvg(t) + Ug(t) -0 B
R1 dt R2 I O
1 1 dvg(t) U1 (t) =
1 2 t 1 Figure 4.19(a)
dvo ¢
= 0.15vy + 0.05E =0.1le 4.5)
Putting t = 0T, we get
dvo (0T
0.1502(0%) + 0.05”2;) =0.1
dvg (0
= 0.15 x 0+ 0.05 Ucht ) 04
dvo (0 1
= v2(07) _ O = 2 Volts/ sec

dt  0.05
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Differentiating equation (4.5) with respect to t, we get

dvg d?vs ¢
A5—= 05— = —-0.1 4,
0.15 i + 0.05 72 0.1e (4.6)

Putting ¢ = 0 in equation (4.6), we find that
d?v2(0T)  —0.1-0.3 9
2 o0 —8 Volts/ sec
Again differentiating equation (4.6) with respect to ¢, we get
d2U d3U2

2
1 :
0.15—5 +0.05—5

=0.1e" 4.7

d37)2

Putting t = 0" in equation (4.7) and solving for W(OJF), we find that

vy (0T) 0.1+ 1.2

— 3
e S 26 Volts/ sec

EXAMPLE %Y

Refer the circuit shown in Fig. 4.20. The circuit is in steady state with switch K closed. Att = 0,

o . . dvg
the switch is opened. Determine the voltage across the switch, vy and ditb att =07,

b
+ _
O

t=0
|1

2 <> i 10
7F

Figure 4.20

SOLUTION

The switch remains closed at t = 0~ and open at t = 0. Under steady condition, inductor acts
as a short circuit and hence the circuit diagram at¢ = 0~ is as shown in Fig. 4.21(a).

Therefore, v (07) = v (07)
=0V
For t > 07 the circuit diagram is as shown in Fig. 4.21(b).
N\ + _
v, (07)=0 v

-O0—0
+ - 1
f 2
2V i(0M) 1Q 2V <> i(9) 1Q
=2A _

Figure 4.21(a) Figure 4.21(b)

1H
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dvg
i(t) = C——
i(t) o
At (t) = 0T, we get
, dvg (0F)
+) — o2 7
i(0T) 7

Since the current through an inductor cannot change instantaneously, we get

i(07) =4(07) =2A

-(0+
Hence, 2= CM
dt
dog(0) 2 2
T:62224V/Sec

EXAMPLE R0

In the given network, the switch K is opened at ¢t = 0. Att = 07, solve for the values of v, ditj
2
andﬁifI:2A,R:2OOQandL: 1H
dt? y
;
) A
® -
* ?
Figure 4.22
SOLUTION

The switch is opened at t = 0. This means that at ¢ = 07, it is closed and at t = 0™, it is open.
Since if,(07) = 0, we get iy, (07) = 0. The circuit at ¢ = 0T is as shown in Fig. 4.23(a).

lm?*) l lvgt) liL
® ¢ & SO |

Figure 4.23(a) Figure 4.23(b)

v(0T)=1R
=2 x 200
=400 Volts
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Refer to the circuit shown in Fig. 4.23(b).
Fort > 0", the KCL at node v(t) gives

t
t 1
I= 1? + L/U(T)d’l‘ 4.8)
o+
Differentiating both sides of equation (4.8) with respect to ¢, we get
1dv(t) 1
=———"+ —u(t 4.8

Ra W .

Att =07, we get

1 + 1

R dit
1 do(0t) 1
— 2 % 400 =
= 500 di + 1 x 400=0
do(0T
= ng ):—8><104 V/sec

Again differentiating equation (4.8a), we get
1 d?o(t)  1do(t) 0
R dat? L dt

Att =0T, we get
1 d?v(07)  1dvw(0F)
200 dt2 1 dt
N d?v(01)
dt?

=200 x 8 x 10*

=16 x 10% V/sec?

EXAMPLE RN
In the circuit shown in Fig. 4.24, a steady state is reached with switch K open. Att = 0, the

switch is closed. For element values given, determine the values of v, (0~ ) and v, (07).

10Q
AVAVAVAY,
10Q v, 20Q
AVAVAVAY, é AVAVAVAY, vy,
K =0

+ L
sv(i oo 2H
10Q

Figure 4.24
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SOLUTION

Att = 07, the switch is open and at t = 0T, the switch is closed. Under steady conditions,
inductor L acts as a short circuit. Also the steady state is reached with switch K open. Hence, the

circuit diagram at t = 0~ is as shown in Fig.4.25(a).

5 5 2
) ) = — _——= 7A

0 =3"1573

Using the voltage divider principle:
5 x 20 10
a 07 = = —

w0 = 15520 = 3

Since the current in an inductor cannot change instantaneously,
ot e 2
i (07) =1i(07) = 3 A.

Att = 07, the circuit diagram is as shown in Fig. 4.25(b).

10Q 10Q
VVV N —VWVW\
10Q (07

10Q Ua(of) 20Q 7

U(07)

i(0) +
K o) l ! 5V C)
+
()

K

20Q

1,07

<¢> i,(0")= % A

10Q ?
Figure 4.25(a) Figure 4.25(b)
Refer the circuit in Fig. 4.25(b).
KCL at node a:
0a(07) =5 v,(0%)  v,(0F) — v, (0T)
=0
10 + 10 + 20
1 1 1 1 5
e a P R |2 =2
= w07 [10 ST 20] w(07) [20] 10
KCL at node b:
w(0) — (0" () -5 2
20 10 3
1 1 1 5 2
_ +y | o | —+ =] ==_=
= va(07) [20] +u(07) [20 + 10] 10 3
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Solving the above two nodal equations, we get,
40
0h) ==V
va07) = 59

V= 4.12

+ (0t
dve(01)  dig(0)
dt dt
Assume that switch 1 has been opened and switch 2 has been closed for a long time and

steady—state conditions prevail at¢ = 0. Switch 2
O

/\ 1=0
o

2A

2Q 1Q
o NVVV
=0 lL‘

+
10V C) v = F % H

SOLUTION Figure 4.26

Find i7,(07),vc(01), for the circuit shown in Fig. 4.26.

o}

Switch 1

s

N | —

Att = 07, switch 1 is open and
switch 2 is closed, whereas att = 07,
switch 1 is closed and switch 2 is

open. . O——’\/&V\/—

First, let us redraw the circuit at ‘ll(o )
t = 0 by replacing the inductor + Q
with a short circuit and the capacitor v v (07
with an open circuit as shown in Fig. T_ T
4.27(a).

From Fig. 4.27(b), we find that
) L(Oi) =0

Figure 4.27(a)

2x1=2V

2Q 1Q
= —VVW—O0 o——Q—r\/\/\/\,—

Figure 4.27(b)
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Applying KVL clockwise to the loop on the ’\/i?V\f X ’\/\l/gi/\,
right, we get
—vo(07)—=241x0=0 +
vL

+
= ve(07)=-2V 10V<+> C:%F = vc

Hence,at t=07": i (07) =i (07) =0A
le
ve(01) = vo(07) = —2V {

The circuit diagram for ¢ > 07 is shown in

Fig. 4.27(c). Figure 4.27(c)
Applying KVL for right—hand mesh, we get
v, —ve +1ir, =0
Att =07, we get
v, (07) = ve(0%) —ir(07)
=-2-0=-2V
dig,
We know that v, = L—
dt
Att =0T, we get
dir,(07)  wp(07) =2
dt L 1 / sec
Applying KCL at node X,
ve—10 .
5 +ic+1i, =0
Consequently, att = 0T
10 — 0t
ic(07) :1;0() —i(0F)=6-0=6A
dve
Si c=C——
ince ic 7
dvc(0+) ic(0+) 6
We get, % - ¢ —1° 12V/sec

2

SNVIN=. 4.13

For the circuit shown in Fig. 4.28, find:
(@) i(07) and v(0T)

(0F +
(b) dzi{(i )and dv;(t) )

(c) i(o0) and v(o0)
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12V C> V

2H 04F —/—v

Figure 4.28
SOLUTION

(a) From the symbol of switch, we find that at t = 0, the switch is closed and t = 07, it is
open. Att = 07, the circuit has reached steady state so that the equivalent circuit is as shown in

Fig.4.29(a). 1o
(07)=—=2A
i07)= 5
0(07) =12V
Therefore, we have i(07) =i(07)
=2A

v(07) =v(07) =12V

(b) For t > 0", we have the equivalent circuit as shown in Fig.4.29(b).
—O (o,

ic(?)

i(07) l 6Q 4Q 6Q 4Q

12V <+> 12V <> i)
_ X . )
v == 10 4F

v (07) Vr &) 10H T

Figure 4.29(a) Figure 4.29(b)

b

Applying KVL anticlockwise to the mesh on the right, we get
vr(t) —ov(t) +10i(t) =0
Putting t = 0T, we get
vr,(0%) —0(0%) +10i(07) =0
= o(0")-12+10x2=0
= v, (07) = -8V
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The voltage across the inductor is given by

v, = L%
S op(0h) = Ldi(do:)
- ML o)
1
= 1—0(—8) = —0.8A/sec

Similarly, the current through the capacitor is

dv
7
~ dw(0t)  ic(0t)  —i(0%)
a4 Cc  C
= W =—-0.2 %10 V/Sec

(c) As t approaches infinity, the switch is open and the circuit
has attained steady state. The equivalent circuit at t = oo is
shown in Fig.4.29(c).

gég

[

4Q

@
+

V(o

3

Figure 4.29(c)

i(c0) =0
v(c0) =0
EXAMPLE QY
Refer the circuit shown in Fig.4.30. Find the following:
(@ v(0™)and i(0T) 30 0.25H
—MVWW—TT00
dv(0* di(0*
(b) o(07) and i07) Er

dt dt
0..1F ——v

n
(c) v(oo) and i(o0) <t> 40u(-1)V ’

50 4u(,)G>

Figure 4.30

SOLUTION

From the definition of step function,

1,t>0
“(t>:{0 t<0



From Fig.4.31(a), u(t) =0att = 0~.
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Similarly, wu(—t)= { é’ :i i 8
1,t<0
or “H):{owo

From Fig.4.31(b), we find that u(—t) = 1,at¢t = 0~.

u(t)
=0-
f=0+\ 1 1 /f
t=0*
=0 /
AN > 0 =1
Figure 4.31(b)

Figure 4.31(a)

Due to the presence of u(—t) and u(t) in the circuit of Fig.4.30, the circuit is an implicit
switching circuit. We use the word implicit since there are no conventional switches in the circuit

of Fig.4.30.

The equivalent circuit at ¢ = 0~ is shown in Fig.4.31(c). Please note that at ¢t = 07, the
independent current source is open because u(t) = 0 at ¢ = 0~ and the circuit is in steady state.

30 i(07)

40V <+> V)

l Current

5Q source

T (open)

Therefore ¢

(b) Fort > 0", u(—t) = 0. This implies that the independent voltage source is zero and hence
is represented by a short circuit in the circuit shown in Fig.4.31(d).
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30 0.25H a
—A—TTTO
—

Voltage q
source
(short) ¢

OR

A A
<
\|+
|
K
IS
—_
3!
wn
©

Figure 4.31(d)

Applying KVL at node a, we get o v
44i=C—+ -
+1 7t + 5
Att =01, We get
g do(0%)  w(0%)

4+i(0h)=C
+4(0M) T
dv(0%) 25
4 =0.1 —
= +5=0 7 5
_l’_
= dvgz ) =40V /sec
Applying KVL to the left-mesh, we get
di
|+ 0.255 +v =
3i+0 5dt +v=0
Evaluating at t = 07, we get
di(0T
3i(0%) 4+ 0.25 zgi ) 4 o(0%) =0
di(0*
= 3% 5+0.25 Z(dt)+25=0
. + _4
= dz(d(; ) = 10 = —160A/ sec

4
(c) As t approaches infinity, again the circuit is in steady state. The equivalent circuit at ¢ = co

is shown in Fig.4.31(e). )
3Q G

NMNN—O0—o0 l
Voltage § +
source V(o0) 5Q G) 4A
(short) @ T _

Figure 4.31(e)

A
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Using the principle of current divider, we get
4 x5
i(e0) <3 + 5)
v(00) = (i(c0) +4)5
=(-2.5+4)5
=7.5V

EXAMPLE Nl
Refer the circuit shown in Fig.4.32. Find the following:

1H
ST

(@ i(0") and v(0T) l.l

di(07) . dv(0T) "
(b) i and L Su(i) G) 50 ::%F v 15Q

(c) i(00) and v(o0)

Figure 4.32

SOLUTION

Here the function u(t) behaves like a switch. Mathematically,

1,t>0

u(t) = { 0,t<0
The above expression means that the switch represented by u(t) is open for ¢ < 0 and remains
closed for ¢t > 0. Hence, the circuit diagram of Fig.4.32 may be redrawn as shown in Fig.4.33(a).

1H
! | e
t=0 + +
§SQ UC::%F v §159
5A - -

Figure 4.33(a)

For ¢ < 0, the circuit is not active because switch is in open state, This implies that all the
initial conditions are zero.

That is, i(07)=0and v (07) =0

for t > 0T, the equivalent circuit is as shown in Fig.4.33(b).
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(1) §SQ TF

Figure 4.33(b)

From the circuit diagram of Fig.4.33(b), we find that
vo
5

7 =

Att =07, we get
Uc(0+) vc(O_) 0

i(0%) = = =_-=0A

5 5 5
Also v = 157y,

Evaluating at t = 0™, we get
v(07) = 15i1,(0™)
=15i,(07)=15x0=0V
(b) The equivalent circuit at t = 0 is shown in Fig.4.33(c).
We find from Fig.4.33(c) that

15Q

ic(07) = 5A
. vL(0+)_
O (o,
i~(07)
SA G) 5Q ‘ ‘
Figure 4.33(c)
From Fig.4.33(b), we can write
Ve = Y]
dvc di
= ——— =5—
dt dt
Multiplying both sides by C, we get
oo _ 50

dt dt



di
ic =502
= 1c L
Putting t = 0T, we get
di(0") 1
= _—i~(0F
i~ 50l
_ X 5
5(3)
=4A/sec
Also v =157,
dv diL
Y58
= ST
dv diL
— =151 x —
= dt [ “ ]
dv
15
= i vy,
Att =01, we find that
dv(0T)
= 15v.,(0"
= dt oL (07)
From Fig.4.33(b), we find that vz, (07) = 0
+
Hence, w =15x0
dt
=0V/sec

SNV 4.16
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In the circuit shown in Fig. 4.34, steady state is reached with switch K open. The switch is closed

att = 0. @i @i
. . . 11 12
Determine: i1, i3, — and — att = 0"
by dt
t=0
K
O
5Q
NV

e

10Q2

2H

Figure 4.34



302 | Network Theory

SOLUTION

Att = 07, switch K is open and at ¢t = 0V, it is closed. Att = 07, the circuit is in steady state
and appears as shown in Fig.4.35(a).

20
0 (07) = — 1.33A
2(07) = 1075

Hence, ve(07) = 10i2(07) = 10 x 1.33 = 13.3V

Since current through an inductor cannot change instantaneously, i2(07) = i5(0~) = 1.33 A.
Also, vc(01) =ve(07) = 13.3V.
The equivalent circuit at ¢ = 07 is as shown in Fig.4.35(b).

20 - 133 6.7

(07 = —F—"= =~ = 0.67TA
i (0") 10 10
5Q K
AVAVAVAY. O '} — .
i,(07) i(07) i1(07) i5(07)
10Q 10Q 10Q
20V <+> 20V <+>
y 33
1.33A
(0 13.3V
Figure 4.35(a) Figure 4.35(b)
For t > 07, the circuit is as shown in Fig.4.35(c).
Writing KVL clockwise for the left-mesh,
we get K o
) t L i
10@1 + = /il(T)dT =20 10Q
C 10Q
o+
20v ()
Differentiating with respect to ¢, we get
dip 1 1uF 2H
10— 4+ —=i; =0
0 7 + 011 T
Putting t = 0T, we get
Figure 4.35(c)
dip (0T) 1.
10 —i1(07) =0
a Tl
di1 (0T) -1

5 I0x1x 10761'1(0*) = —0.67 X 10°A/ sec
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Writing KVL equation to the path made of 20V — K — 102 — 2H, we get

Att = 07, the above equation becomes

=

=

EXAMPLE NN

2dis

10y + 222 = 20
12 + at
2dis(0F

10i5(07) + ”d(t> =20
2dis (0

10 x 1.33 4 24200) o
dis (0

ch(lS ):3.35A/sec

Refer the citcuit shown in Fig.4.36. The switch K is closed at t = 0. Find:

(a) vy and vg att = 0T

(b) v1 and vy att = oo
d

(©) % and

d?vq

dt?

dvg
—att=0"
a

(d att =07

SOLUTION

1=0
R, =10Q

—chKo—'vvv»
:t_
LoV <+> == 4uF ~*—
—v{

Figure 4.36

R,=10Q

2mH

(a) The circuit symbol for switch conveys that at ¢ = 0, the switch is open and ¢ = 07, it is
closed. Att = 07, since the switch is open, the circuit is not activated. This implies that
all initial conditions are zero. Hence, at ¢ = 07, inductor is open and capactor is short.
Fig 4.37(a) shows the equivalent circuit at ¢t = 0.

+
IOVC_

—o0

)

K 10Q
o AAYAAY
Ty i5(0%)
v](()*) 10Q2
v,(0%)

Figure 4.37(a)
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. 10
7,1(0+) = E =

v1(07) =0, i2(07) =0

1A

Applying KVL to the path, 10V source — K — 1092 — 109 — 2mH, we get
—10 + 10i1(0%) 4+ v1(07) +v2(07) =0
= —10+104+0+v2(0") =0

= v2(0T) =0

(b) Att = oo, switch K remains closed and circuit is in steady state. Under steady state
conditions, capacitor C' is open and inductor L is short. Fig. 4.37(b) shows the equivalent

circuit at t = oo.

10
) = =0.5
2(00) = 75770
11(00) =0
v1(00) =0.5 x 10 = 5V
v(00) =0
K 10Q
O O NVVV
i) 'f " Yiy(e)
v (®) 10Q
+
(@
V,(®)
Figure 4.37(b)
(c) Fort > 07, the circuit is as shown in Fig. 4.37(c).
K 10Q
——O0——O0—=>—"\A\\VV

+
10V C_) == 4uF -
2mH

Figure 4.37(c)
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19 = i/UQ(T)dT = v (t)

o0+

Differentiating with respect to ¢, we get

V2 - 1 d’Ul

L  Rydt

Evaluating at t = 0" we get

dvi(07) Ry n
dt - Lo 1)2(0 )

dvy (0T

Ulﬁgt ) =0V/sec

Applying KVL clockwise to the path 10 V source — K — 102 — 4uF, we get

t
1
—10 + 107 + ol / [i(T) —i2(7)]dT =0
o+
Differentiating with respect to ¢, we get

di 1
1 - — |7 —1 e
Odt + C [ =2} =0

Evaluating at t = 0", we get

di(0%) _ in(0%) — i(0)

dt C x 10
0_1 w0 i(0T) = i1(0%) 4+ 42(07)
= =140
—6
10 x4 x 10 — 1A
= —25000A / sec

Applying KVL clockwise to the path 10 V source — K — 102 — 102 — 2 mH,
we get

—10410¢ + 10i9 +v2 =0
= 100 +v1 +v2 =10

Differentiating with respect to ¢, we get

o dvr | dva

aa Ta
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Att =0T, we get

di(0)  do(07)  dun(0Y)
10 @ T a T a =0
dua (0
- 10(—25000) + 0 + ”2;: ) _y
d +
= UQ;S ) _ 25 x 101V sec

(d) From part (c), we have
t

1
7 /’UQ(T)dT = 11%
0+

Differentiating with respect to ¢ twice, we get

1 dvy 1 d?v,

Ldt 10 de?
Att =0T, we get

l dU2(0+) o i d21)1 (0+)

L dt 10 dt?
d?v1 (0%
Hence, ”;t(z) =125 x 107V / sec?

EXAMPLE NL)

Refer the network shown in Fig. 4.38. Switch K is changed from a to b at ¢ = 0 (a steady state
having been established at position a).

AR NOR

Figure 4.38

Show that at t = 0.
-V

S R Rt Ry

i3=20
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SOLUTION

The symbol for switch indicates that at t = 07, it is in position a and at ¢ = 0™, it is in position
b. The circuit is in steady state at t = 0~. Fig 4.39(a) refers to the equivalent circuit at t = 0.
Please remember that at steady state C' is open and L is short.

L, (07) =0, i, (Oi) =0, ve, (07) =0, v (07) =0
Applying KVL clockwise to the left-mesh, we get

—V 4+ve,(07)+0x R +0=0
= ve,(07) = V volts.

a .
— @ i (0)
O—AMA—
iy (0)
n 1

Figure 4.39(a)

Uc2 (07)

+

Since current in an inductor and voltage across a capacitor cannot change instantaneously, the
equivalent circuit at t = 07 is as shown in Fig. 4.39(b).

O

vc3(0+) =V

()
N

Figure 4.39(b)

i1(07) =i3(0™) since ir,(07) =0
i3(07) = 0 since ir,(07) =0

Applying KVL to the path vc,(07) — Ry — R3 — Ry — K we get,

V + Roi1(01) + R3ia(0%) 4+ R1i1(07) =0
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Since i1(07) = i2(0™"), the above equation becomes

—V =[Ry + Rs + R3]i1(07)
-V

Hence, i1(07) =iz(07) =

EXAMPLE RIE%

= A
Ry + Ry + R3

Refer the circuit shown in Fig. 4.40. The switch K is closed at t = 0.

. + . +
Find (a) Chlc(h?) and (b) dlzc(h?)

+
C) v(f) =V sin wt
- +

Ve C

|

Figure 4.40

SOLUTION

The circuit symbol for the switch shows that at
t =0 ,itis open and at t = 01, it is closed.

Hence, at ¢t = 07, the circuit is not activated. vs(o*)OI

This implies that all initial conditions are zero.
That is, v(0~) = 0and if,(07) = i2(07) = 0.
The equivalent circuitat ¢ = 0" keeping in mind
that Uc(0+) = ’Uc(o_) and iL(OJr) = iL(O_) is
as shown in Fig. 4.41 (a).

i1(07) = 0 and i5(0") = 0.

Figure. 4.41(b) shows the circuit diagram for ¢ > 0.

¢
1
Vosinwt = i1 R + C/il(T)

0+
Differentiating with respect to ¢, we get
div 1y
Vowcoswt = R— + —=
¢ dt  C

i5(0) ‘

Figure 4.41(a)



Att =0T, we get
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dip(07) i1 (0TF) K
Vow=R o0—o0
oW dt C l iz
di1(0+) Vow 1
i - R A/ sec X .
dig n
Also, V,sinwt = io R + LE V()= V,sin wt(_)
Evaluating at t = 07, we get —‘r c L
diy (0T
0=14(0")R+ L ”C(lt )
2(0F Figure 4.41(b)
= diz(07) =0A/sec 9
dt
AV 4.20

In the network of the Fig. 4.42, the switch K is opened at ¢ = 0 after the network has attained

steady state with the switch closed.
(a) Find the expression for vy att = 0T,

di
(b) If the parameters are adjusted such that i(07) =1, a (d 0 = —1, what is the value of
the derivative of the voltage across the switch at ¢t = 0T, < )
+ Yk
D6
(e,
t=0 i l
R, C
v(© AAMN—| L
- 11
Figure 4.42
K R,
SOLUTION o0—O0 W\/\,
Att = 07, switch is in the closed state and at

t=07%,itis open. Also att = 0, the circuit
is in steady state. The equivalent circuit at v
t = 0~ is as shown in Fig. 4.43(a).

i(07) =

— andve(07) =0

Ry

C

)

Figure 4.43(a)
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Fort > 0™, the equivalent circuit is as shown in Fig. 4.43(b).

From Fig. 4.43 (b),
i

1
vg = Ryt + — /i(T)dT

C
0+
= vg = Rii + veo(t)
Att =0T, UK(OJF) = Rli(OJr) + ’Uc(OJr)
+ 14 -
= vK(O ) =Ri— + ’Uc(O )
Ry
=R, ;volts
+ _ R,
o X o AN

Figure 4.43(b)

(b)
t
=R '+1/'( )d
Vi = 1111 C N\T)aT
o+

dvg di )

= — = —
dt TG
Evaluating at t = 0", we get

do (0%) _ p, di(0%) i(0")

a Y C
1
:Rlx(_1)+6

1
=c R;volts/ sec
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Reinforcement Problems

R.P 4.1
Refer the circuit shown in Fig RP.4.1(a). If the switch is closed at ¢ = 0, find the value of
d2- 0+
d%i1(07) att =07,
dt?
2mH
18 A
10Q2 § / § 50Q
|1
+ -
1
@mF
Figure R.P.4.1(a)
SOLUTION

The circuit at t = 0~ is as shown in Fig RP 4.1(b).

Since current through an inductor and voltage across a capacitor cannot change
instantaneously, it implies that iz,(0") = 18A and vo(07) = —180 V.

The circuit for t > 07 is as shown in Fig. RP 4.1 (c).

if(07)=18A 2mH i
-
18 A

10Q § / 18A § 50Q 10Q2 § / §SOQ

- |1

o © o

Ve (07) =180V 288 F
Figure R.P.4.1(b) Figure R.P.4.1(c)

Referring Fig RP 4.1 (c), we can write

t
i
2 x 10—3% 4 60ig, + 288 x 103/iL(t)dt -0 (4.9)

0+



312 | Network Theory

Att =0T, we get

dir(0%)  —60 x 18 + 180
dt  2x1073
= —450 x 10® A/ sec

Differentiating equation (4.9) with respect to ¢, we get

42 di
3L L 602 1 988 x 10%i, = 0

2 x 10 2 7

Att =0T, we get

%, (07)  60(450)10% — 288 x 103(18)

ez 2x 103
= 1.0908 x 10'° A/ sec?

42

d*ve (0T v (0t
For the circuit shown in Fig. RP 4.2, determine DCZ(Q ) an Ugtg ) .

24Q 2mH
—\VVWV U0
— iL
+11 ‘ic
11 o
1
wF
e
2 u(?)
Figure R.P.4.2
SOLUTION
Given N
. 2,t>0
i(t) = 2u(t) = { 0,t<0"
Hence,att =0 ,vc(07) =0and i (07) =0
For t > 07, the circuit equations are
1 dvc(t) 1
— t)dt = —2 4.10
=2 +2/UL<) (4.10)
0+
i dve (t)

o q T =-2 (4.11)
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[Note : i + i, = —2 because of the capacitor polarity]
Att = 07, equation (4.10) gives

1 dve(0T)

- ; +y —
61 di +1i,(07) 2

Since, i,(07) = ir(07) = 0, we get

1 dve(0T) B
61 ar V=72
dvc(0T)

= — = —128 volts/ sec

Differentiating equation (4.10) with respect to ¢ we get

1 d?ve(t)

a4 L(t) =0 (4.12)

L
2
. 1
Also, ”C ”L = / ordt =if, (4.13)

Att =07, we get
Uc(0+) — UL(0+)
24
Since vo(01) = 0andif,(07) = 0, we get vy, (0F) = 0.
Att = 0T, equation (4.12) becomes

=ir(07)

1 d?vc(0F) 1

S —— —_— + pr—
64 di2 5un(07) =0
1 d®ve(0t) 1
e 0=0
= 61 a3~
d2vc(0+)

Differentiating equation (4.12) with respect to ¢ we get

1 Pve 1dug

il i . 4.14
64 dt3 +2 dt 0 ( )

=

Differentiating equation (4.13) with respect to ¢, we get

dvo _ dvr,
dt_ dt _ 1

= 7/UL

24 2
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Att =0T, we get

N dt - dt _ %UL(OJF)
128 — ded(;l )
= 7 =0
= ded(tOjL) = —128 volts/ sec

Att = 0T, equation (4.14) becomes
1 dPog(0F) | 1dug(07)

64  dt? > ar
dPvc (0"
= Uc(;tg) = 4096 volts/ sec®
R.P 4.3

In the network of Fig RP 4.3 (a), switch K is closed at¢ = 0. Att = 0~ all the capacitor voltages
and all the inductor currents are zero. Three node-to-datum voltages are identified as vy, vy and
v3. Find att = 0T:
(1) v1, U2 and V3
dv1 dv2 dU3

W 7 @ ™ g

K Ry
LY PRIPIIN
v() C) C, ==

Figure R.P.4.3(a)

SOLUTION

The network at t = 0™ is as shown in Fig RP-4.3 (b).

Since vo and ¢, cannot change instantaneously, we have from the network shown in
Fig. RP-4.3 (b),

v1(07)
v (0)
v3(0™)

Il
o o o
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R, (07

+
e

Figure R.P.4.3(b)

For ¢t > 0™, the circuit equations are

t A
1
Vo, = a 11dt
0+
t
1 .
Vo, = 62 iodt 4.15)
o0+
t
1
ves = 63 ’l3dt
(s )
From Fig. RP-4.3 (b), we can write
) v(0T)
i(0T) = —~,
1(07) R
07) —ve(0T
in(0F) = v1(07) —wva(07)
Ry
and i3(07) =0

Differentiating equation (4.15) with respect to ¢, we get

dve, _iil dve, —i—Qand dvc, _ii
dt  C, dt Oy dt  Cy
Att = 07, the above equations give
dvl(0+) - i1(0+) o U(0+)
d — C1  RC
dU2(0+) _ i2(0+) _ U1(0+) — ?JQ(O+) _0
dt a Cy o R5Cy N
+ O+
and dvz(0T) _ i3(07) 0

dt Cs



316 | Network Theory

R.P 4.4
For the network shown in Fig RP 4.4 (a) with switch K open, a steady-state is reached. The circuit
paprameters are R; = 10€), Ro = 20Q), R3 = 202, L = 1 Hand C = 1uF. Take V = 100

volts. The switch is closed at ¢t = 0. x é(
t=0
(a) Write the integro-differential R
equation after the switch is NV
closed. ’4
R
(b) Find the voltage V, across C' be- ? §R3
fore the switch is closed and give i .
. . vy — i
its polarity. pr— *
(c) Find iy andip att =07 ; =
. dig dig
d) Find — and — att = 0.
(d) Fin 7 an 7 0
What is the value of 2!
(e) at is the value o q at Figure R.P.4.4(a)
t = o0?
SOLUTION
The switch is in open state at ¢ = 0~ . The network at¢ = 0~ is as shown in Fig RP 4.4 (b).
R,
NVVV
(0
Ry R
(0
s ((07) ‘ 3
V —
Ve(0)
Figure R.P.4.4(b)
Vv 100 10
00 =R T30 3
10 200
VC(Oi) = le(oi)RQ = ? x 20 = 7 volts
Note that L is short and C' is open under steady-state condition.
For t > 01 (switch in closed state),
di
we have 200, + % = 100 (4.16)
¢
and 20i5 4 10° / iadt =100 4.17)

0+
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10

Also i1(07) = i1(07) = ) A
200
and Ve (0T) =Ve(07) = 3 Volts
From equation (4.16) at t = 0,
di1 (0" 10
we have u(07) =100 — 20 x —
dt 3
100
—— A/sec
From equation (4.17), at t = 0T, we have
200 5
0t 100 — — — A
2(07) = 20 [ 3 ] 3
Differentiating equation (4.17), we get
di
20% +10%5 =0 (4.18)
From equation (4.18) at ¢t = 0, we get
20dio (0T
20d2(07) 567, (0+) = 0
dt
dis(0F) =100 x 2
N ia(0") _ X3
dt 20
_ —10°
A/ sec
12
Att = o0
100
— A
Zl(OO) 20 5
diy
s =0
5 ()
45
d2' 0+
For the network shown in Fig RP 4.5 (a), find 161152)
The switch K is closed at ¢ = 0.
K R, R,
o— VW AR
=0
0 <+> @ c = @ %L

Figure R.P.4.5(a)
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SOLUTION

Att = 0, we have vo(0~) = 0 and i2(0~) = i1 (0~) = 0. Because of the switching property
of L and C, we have vo(0%) = 0 and i3(0") = 0. The network at ¢ = 07 is as shown in
Fig RP 4.5 (b).

w®

Figure R.P.4.5(b)

Referring Fig RP 4.5 (b), we find that
: v(07)
0 = —~—-~
00" = =5

The circuit equations for ¢ > 0% are

t
1
Ryt + E /(Zl — ig)dt = U(t)
o0+

t

. 1 o dio
and Roig + 6 / (22 — Zl)dt —i—LE =0
o+
N—
ve (t)

Att = 07, equation (4.20) becomes

dia (0T

Raia(01) + ve(07) + L ”ét ) _ 0
dia(0T)
=0
- di
Differentiating equation (4.19), we get
dil 1 . . dv(t)
R - — — =
g teli- ==
Letting t = 0" in equation (4.22), we get
diy(07) 1 . dv(0T)
R —{i1(07) —ix(0M)} =
=g T ) -0 ==y
N di1 (0T) _ 1 dv(0T) _ v(0T)
dt - Ry dt R C

}

(4.19)

(4.20)

4.21)

4.22)

4.23)



Initial Conditions in Network | 319

Differentiating equation (4.22) gives
d2i1 1 |:di1 di2:| B dQ’U(t)

ol a @ T ae

R’y

Letting t = 0T, we get
d*i (0F) 1 [dig(0F) di2(0+)] _ d*u(0T)

Ry

dt? C dt dt dt?
d%i1(01) 1.di1(07)  d?v(0T)
Ry )2
- e cdi a2
d?iy (0" 1 [ 1 do(0" 1 d*v (0"
_ a(0") 1 dov(07) —u(0) +L
dt? RiC | Ry dt RiC dt?
R.P 4.6
Determine v,(07) and v,(0") for the network shown in Fig RP 4.6 (a). Assume that the switch
is closed at t = 0. 100
—— \WW———
10Q2 v 20Q

Figure R.P.4.6(a)

SOLUTION
Since L is short for DC at steady state, the net-
work att = 0~ isas shownin Fig. RP 4.6 (b). 10Q
Applying KCL at junction a, we get
10Q 0)  20Q
0(07) =5, va(07) — w0y (07) _ ) o0
10 20
liL(O_)
Since v,(07) = 0, we get N
v,(07) =5  v,(07) -0 SV — I
0 "2 ) 10€2
0.5 10

= a(07) = ——— = —volt

va(07) = 515005 ~ 3 VOIS

Figure R.P.4.6(b)
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Also, ’I:L(O_) — iL(OJr) _ Ua,(oi) + 3

Fort > 0%, we can write

Vg — D Uy Vg — Up

0 10 0 0
vp— Vg Up—DH .

d =0
an 20 10 W
Simplifying at ¢ = 0T, we get

1 1 1
- _ = +y =
10a(0) — 55001 = 3
1 3 1

d 0 4 B0t =

an 20Ua(0 ) + 20Ub(0 ) 6

40
Solving we get, v,(07) = ST 1.905 volts

Exercise problems

E.P 4.1

Refer the circuit shown in Fig. E.P. 4.1 Switch K is closed at t = 0.
di(0 d%i(0F
i(0h) (0%

Find i(07), = -
K R=50Q
o) AYAA'A%
t=0
—_— C=2uF
10V — O "
Figure E.P.4.1
di(0T d2i(ot

Ans: i(0F) = 0.2A, Z(dt) = —2 x10%A/ sec, zl(t2) = 20 x 106A / sec?
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di
Refer the circuit shown in Fig. E.P. 4.2. Switch K is closed at t = 0. Find the values of i, “ and

d?i
K
R=100Q
‘o) AYAA'AY
=0
lov = §L=1H
Figure E.P.4.2
di(0T d%i(0t
Ans: i(0T) =0, ZElt ) =10 A/ sec, Zl(tz) = —1000 A/ sec?
E.P 4.3

Refering to the circuit shown in Fig. E.P. 4.3, switch is changed from position 1 to position 2 at

o . - . odi d*
t = 0. The circuit has attained steady state before switching. Determine ¢, X and p7o) att =07,

20Q

1=0
+

sov () 2
@ ——IpF

1H

Figure E.P.4.3

di(0T d?i(0t
Ans: i(0T) =0, liit ) — —40 A/ sec, zl(t2)

= 800 A/ sec?
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E.P 4.4
In the network shown in Fig. E.P.4.4, the initial voltage on C; is V,, and on Cs is V;, such that
d d
v1(07) =V, and v2(0~) = V4. Find the values of % and % tt=0".
t=0
R
o AVAVA'AY o 0
+ K +
v, == C -G v,
o %)
Figure E.P.4.4
dvi (0T W — V. dvy (01 Vo — Vi
Ans: vi(07) _ Vo *V/sec, v2(07) _ Va ®V/ sec

dt ~ C1R dt - C:R

45

In the network shown in Fig E.P. 4.5, switch K is closed at ¢ = 0 with zero capacitor voltage and
2

. . dv
zero inductor current. Find .2 att =07,

dt?
K R,

| O—A MW\
t=0 +

v (L

Va <+> - == C

— +

Uy R,

Figure E.P.4.5

d2U2(0+) _ R2Va

— Vv 2
dt2 RiL,C, ¥/

Ans:
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2

d
In the network shown in Fig. E.P. 4.6, switch K is closed at t = 0. Find % att = 0t.

LY,
(o]
+0O

Figure E.P.4.6

d21}1 (0+ )
dt?

a7

Ans: =0V/sec?

di(0F
The switch in Fig. E.P. 4.7 has been closed for a long time. It is open at ¢ = 0. Find Zilt ),
dv(0F
”;t ) i(00) and v(co).
40 0.25H
AAA% IO
_.>
1
2Q
+ +
12V<_> 0.1F ==y
K
=0 -
Figure E.P.4.7
di(0t dv(0T
Ans: zElt) = 0A/ sec, ’Ugt) = 20A/sec, i(o0) = 0A, v(oo) =12V
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48

In the circuit of Fig E.P. 4.8, calculate i7,(0™),

dir(0%) dvc(0T)

, vR(00), ve(00) and if,(00).

e~ dt
4Q
AAAY .
+
+ % F I)C
3u(t)AG> RS 20 - 0.6H
_ 20V
Figure E.P.4.8
dig, (0t
Ans: i, (0T) =0A, zLét) =0A/sec
dvc (0T
Ucd(t) =2V/sec, vr(oo) =4V, vc(oo) = —20V, ir(oco) =1A
EP KX
Refer the circuit shown in Fig. E.P. 4.9. Assume that the switch was closed for a long time for
dir, (0
t < 0. Find i,(07) and i7,(0"). Take v(0T) =8 V.
8Q
AYAYAYAY
ZIHIF 8mH
{1 1A
+
5AG> (34’:0 <+>8V 2Q§ .
O —
Figure E.P.4.9
dig (0t
Ans: ip(0t) =4 A, PO g4 sec

dt

4.10

Refer the network shown in Fig. E.P. 4.10. A steady state is reached with the switch K closed and
dvy(07T)
at

with 7 = 10A. At ¢t = 0, switch K is opened. Find v5(0") and
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a

+0

—_—

O
Figure E.P.4.10
dva(0T) 10R, R,
Ans: v2(0T) =0 = V/ sec.
2(07) =0, dt Co(Ra + Ry)(Ra + R.) /
EP KRN
Refer the network shown in Fig. E.P. 4.11. The network is in steady state with switch K closed.
dvy, (0"
The switch is opened at ¢ = 0. Find v;,(0") and Uka;t)
C(]
||
I + Vi
R, R, 5)/
—\VVW VVVV o—
t=10

Figure E.P.4.11

Vo Rc

Ans: v (01) = R+ Ry + R

Volts,

d’l)k(0+) _ Va,(Ca. + Cb)
dt  (Ra+ Ry+ R.)(CaCyq+ CboCq + CpCa)

4.12

Refer the network shown in Fig. E.P. 4.12. Find

V/sec

d%i1(07)
de?2
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1=0
_ 4 i £ i
v(?) = 10cost <> (_1> =C, (2> L,

Figure E.P.4.12

d?i;(0t) 1 10 2
Ans: iz = R—a [—10 + RgCg] A/ sec

413

Refer the circuit shown in Fig. E.P. 4.13. Find
K R, Ry
o MV AYAVA'AY
=0

t
o(e)=10sins ( i =C, iy
_ Ll

di (0 L .
il ) Assume that the circuit has attained

steady state att = 0.

Figure E.P.4.13
di;(0T) 10
Ans: ———~ = —A
ns at Ra / sec
E.P 4.14

Refer the network shown in Fig. E.P.4.14. The circuit reaches steady state with switch K closed.
dv1(0T) and d?vo(07)

At a new reference time, ¢t = 0, the switch K is opened. Find 5
(=0 dt dt
K R,
o—\WWWv
+
L, Uy
10V <+> c, == -
- +
R b Uy

Figure E.P.4.14
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dv (0F) —10 d?vs(07) —10R, 2
Ans: — Vv = VvV

NS CoRu+ Ry /%% —a ToCa(Ra + Ro) /5
A .15

The switch shown in Fig. E.P. 4.15 has been open for a long time before closing at ¢ = 0. Find:
io(oi), Z'L(Oi) i0(0+), iL(0+), io(oo), ’LL(OO) and UL(OO).

10Q 40Q 200
—VVWV\A— o
JF
+
12V C_) § 120Q 100mH v
o

Figure E.P.4.15

Ans: i(07) =0, ir(07) =160mA, i9(0") =65mA, i5(0") = 160mA,
’Lo(oo) = 225mA, lL(OO) = O, ’UL(OO) =0

416

The switch shown in Fig. E.P. 4.16 has been closed for a long time before opeing at t = 0.
Find: i1(07), i2(07), i1(07), i(0™). Explain why i2(07) # i2(0™").

15kQ :c?( 15kQ
VY o MWWV

. I
lzi
+
9V C_) 15kQ 30mH

Figure E.P.4.16

Ans: i1(07) =1i2(07) = 0.2mA,i5(07) = —i; (07) = —0.2mA
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E.P 4.17

The switch in the circuit of Fig E.P.4.17 is closed at t = 0 after being open for a long time. Find:
(a)i1(07) and i5(07)
(b)i1(07) and i5(0™T)
(c) Explain why i1 (07) = i1 (0T)
(d) Explain why i2(07) # i2(0™)

100pA
m 0.4pF
- |1
N> 1l
20kQ 5kQ 10kQ
AVAYAAY, NV AVAYAYAY,
— —_—
i b
10V <> A( t=0 §5k9
T 0

Figure E.P.4.17

Ans: i;(07) = i3(07) = 0.2 mA, i;(0T) = 0.2 mA, i5(0T) = —0.2mA





